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Induced from a 5/3 filling factor quantum Hall state in a single layer two-dimensional 
electron gas, unexpected even denominator plateaus quantized at ቀ ௛
௘మ
ቁ / ቀଷ
ଶ
ቁ and ቀ ௛
௘మ
ቁ / ቀଵହ
଼
ቁ 
are observed under confinement. The quantum Hall plateaus develop below 300 mK at a local 
filling factor of 5/3, with a quantization of 0.04%. The formation of a 3/2 fractional quantum 
Hall state in the confined region is suggested as a possible explanation. 
 
 
Fractional quantum Hall (FQH) effect has been an important system to extend our 
understanding of strongly interacting particles in two-dimension since its discovery [1,2]. 
Most of the observed FQH states are odd-denominator states [3] and they can be explained 
under the framework of the composite fermion theory [4]. The discovery of the first 
even-denominator state [5], the 5/2 FQH state, further enriched the knowledge of interacting 
electrons. For example, an elegant many-body wave function with non-Abelian statistics was 
proposed to describe the 5/2 FQH state, which brought the 5/2 state broader attentions due to 
the promise of application in the fault tolerant quantum computation [6-10]. A handful of 
other even-denominator states have been observed and some of them are believed to be 
non-Abelian [11-17]. 
 
A lot of the theoretical treatments in FQH effect consider infinite two-dimensional electron 
gas (2DEG), but experiments can only measure samples with boundary. The quantum Hall 
edge due to the boundary was discussed [18] and later described by chiral Luttinger liquids 
[19]. Experiments based on the FQH edge physics have provided many exciting results and 
led to more efforts, such as the measurement of fractional charge [20], weak tunneling 
between edge currents [21], and the search of the neutral modes [22]. Theoretically, the 2DEG 
confined in an interferometer is proposed to test the non-Abelian statistics directly [8], and the 
interference of the edge current has been measured [23]. Although a many-body system with 
realistic boundary may complicate the theoretical treatment, the confinement can be a 
powerful experimental approach to manipulate the system.  
 
Even the FQH effect has been studied for decades, the interacting electrons system with the 
confinement is still of a surging interest and it is still a new area for exploration. The 
even-odd effect has been observed at the 5/2 FQH state from interferometers, but the 
interference pattern is more complicated than the original theoretical proposal for 
demonstrating the existence of non-Abelian statistics [8,23]. The quasi-particle tunneling is in 
excellent agreement with the weak tunneling theory at the 5/2 state [21,24-27], but 
quantitatively results from conventional FQH states are puzzlingly absent. From the electron 
tunneling through cleaved-edge barrier between an edge and a normal conductor at the 
simplest 1/3 FQH state, a power-law behavior as the signature of the chiral Luttinger liquid 
has been found, but an anticipated exponent plateau as a function of filling factor is 
mysteriously missing [28]. There is a temperature dependence of the effective fractional 
charge of the quasi-particles at different filling factors, including the 5/2, according to shot 
noise measurements [29,30]. All the above observations indicate that the confinement 
influence on the 2DEG has not been fully understood. The boundary is fantastic as a manner 
to tune the interaction among electrons, and its understanding is critical in pursuit of a lot of 
important theoretical proposals involving edge physics, such as the demonstration of 
non-Abelian statistics and the realization of the braiding for fault-tolerant quantum 
computation.  
 
In this letter, we present striking results from the interacting electrons in a confined 
two-dimension region. We find that unexpected even-denominator plateaus are quantized at 
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ቁ, and the quantized plateaus appear at the local average filling 
factor of 5/3. Such an incongruity between the quantization number and the filling factor is 
unanticipated. A 3/2 FQH state stronger than the regular 5/2 state is speculated in the confined 
region. If the 3/2 state does exist, then varying the confinement condition is a method to 
trigger a topological phase transition between two different FQH states. 
 
The devices were made from a wafer of GaAs/AlGaAs heterostructures. The center of the 30 
nm quantum well is 210 nm below the surface, with modulated Si doping at ~100 nm below 
and above the quantum well center. The mobility was 1.7×107 cm2 V-1 s-1 and the density was 
3.0×1011 cm-2 at 25 mK. A 150 m wide Hall bar was shaped by wet etching and two 
separated gates were deposited on the surface of the sample. By applying an appropriate 
negative voltage to both gates, the electrons underneath the gates were depleted, and in this 
way a confined region in the 2DEG could be achieved between two gates. A sketch of the 
Hall bar and the device is shown in the inset of Fig. 1. The Hall resistance RXY in the bulk and 
the Hall resistance across the confined region, the diagonal resistance RD, were measured 
simultaneously using lock-in techniques at 6.47 Hz with 1 nA. Before the measurements, a 
negative gate voltage Vgate = -4.50 V was kept for more than 6 hours above 4 K, and during 
the cooling down to the base temperature. Such a gate annealing process was used to maintain 
a uniform density within the bulk and the confined region [21]. In Fig. 1, by comparing the 
magnetic field dependence of the = 1 integer quantum Hall (IQH) state and several FQH 
states between RD and RXY, it can be concluded that the local filling factor in the confined 
region is the same as that in the bulk of the 2DEG. The |Vgate| was always less than 4.5 V in 
the measurements, so the electron density of the confined region was not changed after gate 
voltage was swept below 300 mK.  
 
At the 5/3 FQH plateau, if the confinement is gradually weakened by setting the Vgate less 
negative, the quantized value in the confined region changes from ቀ ୦
ୣమ
ቁ / ቀହ
ଷ
ቁ to ቀ ୦
ୣమ
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ቁ 
(Fig. 2(a)), which is the quantization resistance of a 3/2 FQH state. The quantization for RD = 
ቀ ௛
௘మ
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ቁ and RXY = ቀ
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ቁ is 0.04%, the resolution of this measurement. The 3/2 FQH 
plateau in the confined region is favored with a less negative voltage than the 5/3 plateau, so 
the effect should not be due to density variation inside the confined region. The induced 3/2 
FQH plateau happens at the local filling factor of 5/3, which is contradictory to the 
conventional understanding of the FQH effect. 
 
Similar to normal FQH states, the widths of the 3/2 and 5/3 plateaus decrease with increasing 
temperature (Fig. 2(b)). Interestingly, although the 3/2 plateau disappears easily with higher 
temperature at the high magnetic field side, the most stable position of the 3/2 plateau is very 
close to the center of the 5/3 plateau, which indicates the 3/2 plateau is induced from a 5/3 
FQH state. The width of the 3/2 FQH plateau in the confined region is also similar to that of 
the 5/3 FQH plateau in the bulk at 35 mK, so the stability of the 3/2 FQH plateau is 
comparable with the conventional 5/3 FQH plateau. The previously observed 
even-denominator plateaus [31] usually do not survive at 300 mK. As shown in the Fig. S1 of 
the Supplemental Material [31], the breakdown of the 3/2 plateau is also similar to that of a 
FQH state [32,33]. From both the temperature dependence and the breakdown behavior, the 
observed 3/2 quantized plateau shares same features with a FQH state. 
 
Experimentally, the directions of the edge currents can be switched by reversing the direction 
of the magnetic field and maintaining the same ohmic contact connections. In Fig. 3(a), when 
the magnetic field is applied perpendicular and into the paper, the diagonal resistance is 
quantized at ቀ ௛
௘మ
ቁ / ቀଷ
ଶ
ቁ. Once the field is reversed, the quantized value changes to ቀ ௛
௘మ
ቁ /
ቀଵହ
଼
ቁ, another even-denominator FQH number. The difference between the values of 3/2 and 
15/8 can be understood from the edge current reflection, as shown in Fig. 3(b). The average of 
quantized values 2/3 and 8/15 in unit of h/e2 is 3/5, which is identical to RXY. From the 
configuration shown in Fig. 3(b), we can see once part of the edge current is backscattered, 
the residual edge in the confined region represents a smaller FQH quantization number. As a 
result, 3/2 should be the intrinsic value that represents the edge structure inside the confined 
region.  
 
The 3/2 even-denominator FQH plateau in conventional single layer 2DEG is unexpected. In 
the bilayer system or wide quantum well, the even-denominator state can be generated from 
two components either from the two layers or from the two electric subbands [34,35]. In our 
devices, there are not two apparent components. Our system does not involve Landau levels 
crossing from tilted field as that in ZnO [17] or from additional degrees of freedom in wide 
two-dimensional hole gas [36]. If the 3/2 plateau represents a one-component state, then its 
physics may be a mimic of the p-wave superconductor of composite fermions at the 5/2 state 
[6,37-40]. In Fig. 2(b), the 3/2 plateau survives at as high as 300 mK and it should be noted 
that this 3/2 plateau is much stronger than the typical 5/2 FQH state [10]. How the 5/3 state’s 
edge is reconstructed to accommodate the reflection to maintain the 3/2 plateau is also an 
intriguing question.  
 
The confinement condition is the critical parameter to induce the 3/2 FQH plateau, as shown 
in Fig. 4. Interestingly, the 3/2 plateau is easier to be induced at the low magnetic field side of 
the 5/3 plateau, which could be due to that the influence of the confinement is more 
significant for quasi-particles with larger magnetic lengths at lower field side. Another 
possible explanation is that the 5/3 state is fully spin polarized while the possible 3/2 state is 
partially spin polarized. The 3/2 state and the 5/3 state belong to different topological phases, 
and the confinement set by static electrical field causes a transition. The detail of the 
boundary is as important as the size of the confinement. The 3/2 FQH plateau appears only 
with appropriate annealing condition (Fig. S2) [31]. The annealing procedure can adjust the 
charge distribution of the donor layer at high temperature, and provide a very sharp potential 
to maintain the uniform density inside and outside the confined region at ultra-low 
temperature [27]. Confining potential is an adjustable parameter for theoretical analysis in 
2DEG [41] and such a sharp boundary potential together with a few-particle many-body 
system may be an appropriate condition to induce the novel FQH plateaus in this work. In 
conventional 2DEG, angular dependent transport measurements showed that in open 
geometry the filling factor  = 3/2 is a Fermi sea of composite fermions [42]. 
 
The precursors of our new observation in this work can be found in other reported works. The 
stability of the 5/3 FQH state has been studied by the critical current breakdown in Ref. [33], 
and it is found that in a confined region, the 5/3 state is less stable with weaker confinement. 
However, from the existing mechanism of the quantum Hall effect breakdown, a FQH state 
should be more stable with weaker confinement. If an induced state by a weak confinement is 
competing with the original 5/3 FQH state, then the fact that weaker confinement leads to 
weaker 5/3 state can be explained. Competing FQH states have been speculated 
experimentally [27] and theoretically [43,44]. In the 5/2 edge current tunneling experiment, 
the quasi-particle interaction parameter varies with the confinement condition, which is 
explained as the competition of a non-Abelian state and an Abelian state [27]. With a tip close 
to a quantum point contact, it has been found that the tip can distort conductance plateaus 
with non-integer numbers due to backscattering, which results from electrostatic potential 
modified by the tip, or from the local change of the electron density [45-47]. The confinement 
in this work may mimic the role of the tip and cause a quantized shifted value. The 
observation of the 3/2 FQH plateau has been reproduced in different devices with different 
sizes, as shown in Figs. S2 and S3 [31]. Last but not least, although the 3/2 and 15/8 plateaus 
in confined region weren’t formally reported before, the 3/2 plateau with confinement has 
been observed in Marcus’ group independently [48].  
 
In summary, we observed two new even-denominator plateaus in confined region from 
conventional single layer 2DEG, and their quantization numbers are different from the filling 
factors. The confinement in this work has been demonstrated to be a new approach to induce 
new FQH plateaus, and to tune the interactions among many-particles. A new 
even-denominator FQH state is speculated to dominate the Fermi sea of composite fermions 
in few-particle many-body system with appropriate confinement condition. 
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FIG. 1. Magnetic field dependence of the Hall resistance RXY and the diagonal resistance RD 
between  = 1 and  = 2 with Vgate = -4.50 V at 18 mK. RD was measured from contact 1 to 
contact 2, and RXY was from contact 3 to contact 4. A series of IQH and FQH states are 
observed in the bulk and in the confined region. The left inset is a sketch of the Hall bar and 
the measurement setup. The right inset is a scanning electron micrograph of a device with the 
same gate geometry as that used in this experiment 
  
 FIG. 2. (a) Gate voltage dependence of the diagonal resistance RD at 7.60 T and 18 mK. The 
arrows indicate the voltage sweep directions. (b) Temperature dependence of the 3/2 FQH 
plateau in the confined region with Vgate = -1.30 V and the 5/3 FQH plateau in the bulk. 
  
 
FIG. 3. (a) Magnetic field dependence of the Hall resistance RXY and the diagonal resistance 
RD (or |ܴ஽ି|ሻ with Vgate = -1.30 V at T = 18 mK. At the filling factor of the = 5/3 state, the 
diagonal resistance RD measured between contact 1 to contact 2 is quantized at ቀ
௛
௘మ
ቁ / ቀଷ
ଶ
ቁ. 
When the magnetic field direction is reversed, the diagonal resistance ܴ஽ି from lock-in 
measurement is out of phase, and its absolute value is quantized at ቀ ௛
௘మ
ቁ / ቀଵହ
଼
ቁ. (b) A sketch 
of the Hall bar with the direction of the edge current. The labels of the contacts are the same 
as that in Fig. 1; “S” is source and “D” is drain. The magnetic field is perpendicular and into 
the paper. In the confined region, the green arrows represent the reflected part of the edge 
currents.  
  
 
FIG. 4. A false color plot of the diagonal resistance RD as a function of gate voltage and 
magnetic field. The color represents the value of RD. The regions of  = 2 IQH plateau, 5/3 
FQH plateau and 3/2 FQH plateau are marked by h/2e2, 3h/5e2 and 2h/3e2 respectively. 
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even denominator carriers quantization from measurement 
3/2 (this work) monolayer 2DEG  0.04% 
7/2 [14] monolayer 2DEG 0.015% 
19/8 [3, 15] monolayer 2DEG developing FQH plateau 
1/2 [12] bilayer 2DEG 1.5% 
1/2 [11] wide quantum well (electron) 0.3% 
3/2 [13] wide quantum well (electron) 0.5% 
1/4 [16] wide quantum well (electron) developing FQH plateau 
1/2 [*] wide quantum well (hole) well quantized with “a very deep 
minimum in the longitudinal resistance” 
1/2 [**,***] bilayer graphene developing FQH plateau 
7/2 [17] ZnO developing FQH plateau 
3/2 [17] ZnO with tilted field developing FQH plateau 
* Phys. Rev. Lett. 112, 046804 (2014) 
** Nano Lett. 14, 2135 (2014) 
*** Nano Lett. 15, 7445 (2015) 
 
TABLE S1: the quantization information of the even-denominator FQH plateaus except the 
well-known 5/2 FQH state. Note: 1, the monolayer 2DEG, bilayer 2DEG and wide quantum 
well system were from GaAs/AlGaAs heterostructures; 2, for those states with “developing 
FQH plateau”, the quantization information could not be found, but the plateaus are clearly 
associated with non-zero longitudinal resistance minimums.  
  
 FIG. S1. An example of the breakdown behavior of the 3/2 FQH plateau with Vgate = -1.70 V 
at 35 mK, showing that the plateau breakdown behavior shares the same feature as the 
previous IQH state’s breakdown and FQH state’s breakdown [32,33]. 
  
 
Fig. S2. Influence of the annealing procedure in the same confined region at 40 mK. (a) The 
5/3 FQH plateau at Vgate = -3.00 V and the 3/2 FQH plateau at Vgate = -1.30 V. The gates were 
annealed at -3.00 V. (b) The 5/3 FQH plateaus at both Vgate = -1.50 V and Vgate = -1.30 V. The 
gates were annealed at -1.50 V. Data from Fig. S2 were from a new device different from that 
used in the main text, and the device’s geometry is shown in the inset of (b) as a sketch. 
  
 
Fig. S3. Magnetic field dependence of the Hall resistance RXY and the diagonal resistance RD 
with Vgate = -1.30 V at 35 mK in the third device. The inset is a sketch of the confined region. 
The gates were annealed at -4.50 V.  
 
 
